Computational tools are widely used for interpreting variants detected in sequencing 21 projects. The choice of computational tools is critical for reliable variant impact 22 interpretation for precision medicine and should be based on systematic performance 23 assessment. The performance of the methods varies widely in different performance 24 assessments, for example due to the sizes of test datasets. To address this issue, we 25 obtained 63,160 common amino acid substitutions (allele frequency ≥1% and <25%) 26 from the Exome Aggregation Consortium (ExAC) database, which contains variants 27 from 60,706 genomes or exomes. We evaluated the specificity, the capability to detect 28 benign variants, for 10 variant interpretation tools. In addition to overall specificity of 29 the tools, we tested their performance for variants in six geographical populations. 30 PON-P2 had the best performance (95.5%) followed by FATHMM (86.4%) and VEST 31 (83.5%). While these tools had excellent performance, the poorest method predicted 32 more than one third of the benign variants to be disease-causing. The results allow 33 choosing reliable methods for benign variant interpretation, for both research and 34 clinical purposes, as well as provide a benchmark for method developers. 35 36 KEYWORDS 37 performance assessment, variation interpretation, computational tools, prediction 38 performance, ExAC dataset 3 39 AUTHOR SUMMARY 40
INTRODUCTION
Except for CADD and VEST, the investigated methods classify the variants into 172 harmful and benign. We used these classifications for the method performance 173 assessment. For CADD, we classified the variants based on the phred-like score with a 174 cutoff 20, below which the variants were classified as benign and otherwise harmful, as 175 suggested by the authors. For VEST, we classified the variants based on the VEST score 176 with a cut-off 0.5, below which the variants were classified as benign and otherwise 177 harmful. The terms deleterious, damaging, probably damaging, possibly damaging, 178 disease-causing, functional, and pathogenic were all considered to be harmful and the 179 terms tolerated, benign, neutral, non-functional, and polymorphism were all considered 180 to be benign. MutationTaster2 provides automatic annotations for harmful and benign 181 variants based on annotations in variation databases and predicts the impacts for others. 182 In this study, the automatic annotations of MutationTaster2 were excluded to test the The scores can be multiplied by 100 to show results in percentages.
Specificity of tolerance predictors 195
To assess the quality of variant pathogenicity/tolerance prediction methods we collected 
